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METHOD FOR HARD HANDOFF 
IN A CDMA CELLULAR ENVIRONMENT 

Technical Field 

The invention relates generally to code division multiple access 
("CDMA") cellular telephone systems and, more particularly, to a method for 
performing a hard handoflf of a call from a CDMA cellular telephone system to 
another cellular telephone system such as an advanced mobile phone service 
("AMPS") cellular telephone system or another CDMA cellular telephone 
system utilizing a different operating frequency. 
Background of the Invention 

A cellular telephone system serves a defined area by dividing the area 
into cells. Each cell is served by a single base station, or cell site, and each 
cell site is connected to a message switching center ("MSC") via appropriate 
hardware links. A mobile unit is connected to the MSC by establishing a 
radio frequency ( K RF) link with a nearby cell site. 

Currently, there are several different types of cellular access 
technologies for implementing a cellular telephone network, including, for 
example, code division multiple access, or "CDMA", and advanced mobile 
phone service, or "AMPS". In a CDMA network, a single radio frequency is 
used simultaneously by many mobile units and each mobile unit is assigned a 
"code" for deciphering its particular traffic on that frequency. In contrast, in 
an AMPS network, each mobile unit is assigned a different radio frequency on 
which to communicate. 

Referring to Pigs. 1A-1D, it will be recognized that, as shown in Fig. 1A 
and as previously described, in order for a mobile unit such as a mobile unit 
10 to communicate in a cellular telephone network such as a CDMA network 
12, several links must be established. These links include an RF link 14 
between the mobile unit 10 and a first cell site, such as a cell site A, and a 
hardware link 16 between the cell site and a mobile switching center ("MSC") 
18. As shown in Fig. IB, as the mobile unit 10 moves away from the cell site 
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A, the RF link 14 weakens and will eventually become too weak to support 
communications between the cell site A and the mobile unit 10. As a result, 
the call in progress eventually disconnects, or is dropped. Clearly, this is not 
acceptable. Referring to Figs. 1C and ID, to avoid this result, when the 
5 mobile unit 10 crosses a cell boundary 20 into a second cell of the network 12, 
in this case the cell served by cell site B, a new communications path between 
the mobile unit 10 and the MSC 18 is established. Cell site B serves a 
bordering cell to that of cell site A because the two cells are adjacent to each 
other. The new communications path includes an RF link 22 and a hardware 

10 link 24 between the cell site B and the MSC 18. Therefore, at the cell 

boundary 20, the mobile unit 10 is directed to end communication with the 
cell site A and begin communication with the cell site B. 

The situation in which a mobile unit ends communication with one cell 
site and begins communication with a second cell site is referred to as a 

15 "handofF. The specific example illustrated in Figs. 1A-1D is referred to as a 
"hard handoff because the link between the mobile unit 10 and the MSC. 18 
via the cell site A is broken before the link between the mobile unit and the 
MSC via the cell site B is established. Alternatively, a "soft handofF' occurs 
when a second link to the mobile unit 10 is established before the first link is 

20 broken. For example, a soft handoff occurs in a CDMA network when a call is 
passed from a first cell site to a second cell site wherein both cell sites operate 
on a common frequency. 

Often, an AMPS cellular network already exists in an area in which a 
CDMA network is to be installed, in which case the CDMA network will often 

25 be overlaid on top of the AMPS network. As a result, one or more cell sites of 
the CDMA network are "co-located", or placed in a one-to-one overlay, with an 
equal number of cell sites of the AMPS network. In such a case, there may be 
situations in which it would be advantageous to effect the handoff of a call 
from a CDMA cell site to an AMPS cell site. For example, there may be areas 

30 that are covered by a cell site of the AMPS network that are not covered by a 
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cell site of the CDMA network, due to different link/power-supply constraints 
between the two cell sites, slight differences in the location of the various 
cells, and holes, or nulls, in the CDMA network coverage due to topography 
and cell site planning. Such coverage holes in the CDMA network can 
5 degrade call quality and, at worst, result in dropped calls. In addition, many 
cellular service providers have existing in-building and/or underground AMPS 
network coverage. The RF propagation characteristics of an 800 MHz signal 
in an AMPS network may be able to penetrate such structures better than a 
1900 MHz signal in a CDMA network; therefore, a call maintained by the 

10 CDMA network could lose quality or be dropped. Finally, because large urban 
areas are typically converted to CDMA before rural areas, the major highways 
between such areas will also be converted to CDMA to provide seamless 
coverage for travelers between such areas. However, as a mobile unit exits 
the highway, it also exits CDMA coverage area, eventually resulting in a call- 

15 in-progress being dropped. 

Alternatively, two CDMA networks may be installed next to a each 
other, wherein the first CDMA network operates at a different frequency from 

^ the second CDMA network. In such a case, there may be situations in which 
it would be advantageous to effect the handoff of a call from a CDMA cell site 

20 in the first CDMA network to a CDMA cell site in the second CDMA network. 
For example, there may be areas that are covered by the second CDMA 
network that are not covered by the first CDMA network. Also, the second 
CDMA network may utilize a different frequency than that of the first CDMA 
network because of other frequency-based services located in the area of the 

25 second CDMA network. 

In the foregoing cases, it would be beneficial to handoff a call from a 
CDMA network to a second cellular network once the call has degraded to a 
point at which it appears that the call will eventually be dropped. Currently, 
there are various methods for performing the hard handoff of a call from a 

30 CDMA network to the second network, including the use of pilot beacon 
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transmitters or round trip delay ("RTD") measurements. When using the pilot 
beacon transmitter method, the cells of the second network that are adjacent 
to the CDMA network are each outfitted with a pilot beacon transmitter. 
When the mobile unit is leaving the CDMA network, a determination is made 
5 as to which of the signals from the pilot beacon transmitters is strongest. The 
pilot beacon transmitter with the strongest signal represents a target cell of 
the second network that should receive the handoff. When using the RTD 
measurement method, complex target selection mechanisms chart the location 
of the mobile unit and determine when and where to handoff. 

10 Such conventional handoff methods typically present numerous 

difficulties. For one, the pilot signal transmitters are very expensive. In 
addition, the transmission of additional signals by the pilot beacon 
transmitters relates to increased interference and performance degradation 
problems. Furthermore, the conventional RTD measurement method requires 

15 for extremely complex mechanisms for determining when to begin handoff, the 
handoff thereby being unrelated to any of the cell boundaries. Further still, 
CDMA network service providers would like to maintain a call within the 
CDMA network as long as possible, rather than handing it off to the second 
network too soon. Handing off a call too soon results in lost revenue for the 

20 CDMA network service provider, while waiting too long to do so will likely 

result in an decrease in call quality and an increase in dropped calls, both of 
which result in an increase in customer complaints. 

Therefore, what is needed is an improved system and method for 
triggering hard handoff of a call from a first CDMA network to an AMPS 

25 network or a second CDMA network. 
Summary of the Invention 

The present invention, accordingly, provides a method for triggering a 
hard handoff of a call between a mobile unit and a cell site of a CDMA 
. cellular network to a second cell site of a second cellular network, such as an 

30 AMPS network or a second CDMA network. 
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To initiate and execute handoff from the CDMA cell site to the second 
cell site, two separate round-trip delay ("RTD") thresholds are defined based 
on the existing cell boundaries between the cell served by the CDMA cell site 
and the bordering cells of the second cellular network. These RTD thresholds 
are used for comparison with an RTD value representing a measured distance 
between a mobile unit making the call and the cell site serving the call, in 
this case the CDMA cell site. Both of the RTD thresholds represent areas 
that are totally inside the cell served by the CDMA cell site and t ha t do not 
overlap the bordering cells of the second cellular network, wherein the first 
RTD threshold is smaller than the second. Handoff is initiated when the 
measured RTD value exceeds the first RTD threshold and is executed when 
the measured RTD value exceeds the second RTD threshold. 

In one embodiment, if the CDMA cell site is co-located with the second 
cell site of the second network, the CDMA cell site first tries to keep the call 
in the CDMA network. If this cannot be achieved, before the mobile unit 
leaves the CDMA cellular network, the CDMA cell site performs a hard hand- 
off to the co-located second cell site. To determine when to initiate and 
execute handoff, the CDMA cell site repeatedly measures the RTD value of 
the mobile unit. As the mobile unit moves around the CDMA cell, it measures 
pilot signals from one or more cell sites operating on the same frequency used 
by the CDMA cell site and communicates these measured pilot signals to the 
CDMA cell site. The CDMA cell site then commands the mobile unit to add 
the pilot signals to an active pilot list. When the RTD value exceeds the first 
RTD threshold, the CDMA cell site reviews the active pilot list to determine if 
any other cell sites in the CDMA network are available for handoff. In this 
way, the call can be kept in the CDMA network as long as possible. When the 
measured RTD value exceeds the second RTD threshold, if the active pilot list 
designates another cell site in the CDMA network, the CDMA cell site 
performs a soft handoff to that cell site and no further action is required. If 
the active pilot list does not designate another cell site in the CDMA network, 
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the CDMA cell site performs a hard handofF to the co-located second cell site 
of the second network. Because the second RTD threshold is before the 
earliest boundary of the border cells, the second cell site can then perform a 
conventional handoff to one of the border cell sites of the second cellular 
network. 

Another embodiment is used when the CDMA cell site is not co-located 
with the second cell site of the second cellular network, but the second cell 
site instead serves a border cell of the second network. In this embodiment, 
receivers are placed in each border cell site of the second cellular network, 
including the second cell site. Whenever the mobile unit exceeds the first 
RTD threshold, the CDMA cell site activates the receivers by providing them 
with a code that identifies the mobile unit. After the mobile unit exceeds the 
second RTD threshold and a determination has been made that no other cell 
sites in the CDMA network are available for handoff, the CDMA cell site polls 
the receivers to select which is the best cell site with which to handoff, i.e., 
the second cell site. The CDMA cell site then performs a hard handoff to the 
second cell site. 

In both embodiments, the CDMA cell site uses hysteresis when 
collecting the pilot signals. This is accomplished when the mobile unit is 
measuring and collecting the pilot signals. When the mobile unit measures a 
pilot signal with a strength above a predefined limit, it reports a strength 
measurement for the signal to the CDMA cell site. The CDMA cell site 
compares the strength measurement to the predefined limit plus a hysteresis 
limit. If the strength measurement exceeds the sum of the predefined limit, 
and the hysteresis limit, the cell site commands the mobile unit to add the 
corresponding pilot signal to the active pilot list. This process is continually 
repeated. However, whenever one of the reported strength measurements 
becomes less than the predefined limit, the CDMA cell site commands the 
mobile unit to remove the corresponding pilot signal from the active pilot list. 
In this way, pilot signals are not constantly being added and removed from 
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the active pilot list when their corresponding signal strength is at or near the 
predefined limit. 

A technical advantage achieved with the invention is that in a CDMA 
network that has cell sites co-located with those from a second cellular 
network, before a mobile unit leaves the CDMA network and reaches a border 
cell of the second network that is not co-located with a CDMA cell site, hand 
off is executed to one of the co-located cell sites of the second network. As a 
result, the existing cell boundaries of the second network are sufficiently 
utilized. 

Another technical advantage achieved with the invention is that no 
pilot beacon transmitters are required for handoff to a second network, 
thereby saving cost and preventing performance degradation due to 
interference caused by the transmitters. 

Yet another technical advantage achieved with the invention is that a 
call is kept in the originating CDMA network as long as possible, thereby 
maximizing the CDMA network's capacity. 
Brief Description of the Drawings 

Pigs. 1A-1D illustrate hard handoff of a call in a cellular telephone 
network. 

Fig. 2A illustrates multiple cells of a CDMA cellular netw r ork and a 
second cellular network. 

Pig. 2B is a block diagram of a cell site of one CDMA cell of Fig. 2A. 

Fig. 2C is a flowchart of the operation of a pilot signal routine for 
selecting potential target cell sites from the CDMA cellular network of Fig. 
2A. 

Fig. 3 illustrate the cells of Fig. 2A wherein the second cellular network 
is an AMPS network with all the boundary cell sites of the AMPS network co- 
located with cell sites of the CDMA network. 
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Fig. 4 is a flowchart of the operation of the present invention for 
providing hard handoff of a call from a CDMA cell site of the CDMA network 
to an AMPS cell site of the AMPS network, all of Fig. 3. 

Fig. 5 illustrates the cells of Fig. 2A wherein the second cellular 
network is an AMPS network with only some of the boundary cell sites of the 
AMPS network co-located with cell sites of the CDMA network. 

Fig. 6 is a flowchart of the operation of the present invention for 
providing hard handoff of a call from a CDMA cell site of the CDMA network 
to an AMPS cell site of the AMPS network, all of Fig. 5. 

Fig. 7 illustrates the cells of Fig. 2A wherein the second cellular 
network is a second CDMA network. 
Description of the Preferred Embodiment 

Figs. 1A-1D illustrate hard handoff of a call in a cellular telephone 
network, as described in detail above. 

Referring to Fig. 2A, the reference numeral 30 designates a 4 CDMA 
cellular telephone network operating on a common frequency. The CDMA 
network 30 includes many different CDMA cells, such as the cells Cl, C2, C3 
and C4. A second cellular telephone network, designated by the reference 
numeral 32, may be an AMPS network or a second CDMA network operating 
on a frequency different from that used by the first CDMA network, as 
discussed in greater detail below. The second network 32 includes border cells 
Dl, D2, D3 as well as other cells not shown. The network 32 is adjacent to 
the CDMA network 30 at the cells C2, C3, and C4, and may have one or more 
cell sites co-located with the cell sites in the CDMA network 30, also discussed 
in greater detail below. For the sake of example, a mobile unit 33 is presently 
located in the cell C2 of the CDMA network 30. 

Located in a central area of the cell C2 is a base station, or cell site 34. 
The cell site 34 utilizes two thresholds values, RTDl and RTD2, for 
performing a handoff from the cell site. Considering distances rl, r2, r3, 
which represent the shortest distances between the cell site 34 and cell 

- 8 - 



qfl?7T7fiA? I ^ 



WO 98/27776 



PCT/IB97/01564 



boundaries 36a, 36b, 36c, respectively of the cells Dl, D2, D3, respectively, the 
threshold values RTDl, RTD2 are defined such that: 

RTD2 < rl, r2, and r3; and 

RTDl < RTD2. 

5 Although the cell boundaries 36a, 36b, 36c are shown as hexagonal in shape, 
it is understood that the cell site 34 serves an area that is relatively circular, 
as described in Figs. 1A-1D. In addition, if the cell site 34 is co-located with 
an overlaid cell site (not shown) from the second cellular network, the cell 
boundaries 36a, 36b, 36c also represent the handoff location from the overlaid 

10 cell site to the cells Dl, D2, D3, respectively. 

Referring also to Fig. 2B, the cell site 34 includes a conventional 
measurement device 37 that measures a RTD value (not shown) representing 
a distance of the mobile unit from the cell site. While the mobile unit 33 is in 
the C2 cell, the measurement device 37 continually measures the RTD value. 

15 The cell site 34 also includes first and second comparators 38a, 38b, 

respectively for comparing the measured RTD value with the RTDl and RTD2 
thresholds, respectively. The threshold RTDl represents a distance from the 

^ cell site 34 when handoff is to be initiated and the threshold RTD2 represents 
a distance from the cell site when the handoff is to be executed. In addition, 

20 the cell site 34 includes control logic 39 for determining a target cell with 

which to handoff, and for running routines to implement one or more handoff 
methods, discussed in greater detail below. The control logic 39 utilizes a 
RTD pilot handoff list ("RTDPLIST", not shown). The RTDPLIST provides a 
list of the adjacent cell sites that operate on the same common frequency as 

25 the cell site 34, e.g., the cell sites serving the cells Cl, C3 and C4. Although 
the measurement device 37, first and second comparators 38a, 38b, and 
control logic 39 are illustrated as part of the cell site 34, it is understood that 
some or all of these components may alternatively be located in different 
locations and/or devices, such as a message switching center (not shown) 

30 connected to the cell site. 
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Referring to Fig. 2C, a pilot signal routine 40 is described for selecting 
potential target cell sites with which the cell site 34 may handoff a call from 
the mobile unit 33. The pilot signal routine 40 is repeatedly performed by the 
mobile unit 33 and the cell site 34. At step 41, as the mobile unit 33 is 
traveling inside the cell C2, it attempts to measure and collect pilot signals 
from cells operating on the common frequency used by the cell site 34. 
Because the cells Dl, D2, D3 in the second network 32 do not operate on the 
common frequency, the cell sites for cells D1-D3 will never be detected by the 
mobile unit. However, if the mobile unit 33 moves toward cell sites of the 
CDMA network 30, such as the cell site for the C3 cell, it will detect a pilot 
signal (not shown) from that site. At step 42, the mobile unit 33 reports a 
strength measurement value (not shown), corresponding to the measured pilot 
signal, to the cell site 34. At step 43, the cell site 34 compares the strength 
measurement value with the predefined limit plus a hysteresis value. If the 
strength measurement value exceeds the predefined limit plus the hysteresis 
value, execution proceeds to step 44, where the cell site 34 commands the 
mobile unit 33 to add the corresponding pilot signal to an active pilot list 45 of 
potential cells, the list being stored inside the mobile unit 33. Execution then 
returns to step 41. 

If at step 43, the strength measurement value does not exceed the 
predefined limit plus the hysteresis value, execution proceeds to step 46, 
where the strength measurement value is compared to the predefined limit, 
alone. If the strength measurement value exceeds the predefined limit, 
execution returns to step 41. Otherwise, execution proceeds to step 47, where 
the cell site 34 commands the mobile unit 33 to remove the corresponding 
pilot signal from the active pilot list 45. In this way, pilot signals are not 
constantly being added and removed from the active pilot list 45 when their 
signal strength is at or near the predefined limit. At times, the active pilot 
list 45 may contain only the pilot signal from the cell site 34, and at other 
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times the list may contain more than one pilot signal, representing several 
potential target cell sites in the CDMA network. 

The configuration of the second network 32 can be one of many 
different types. Fig. 3 illustrates the second network as an AMPS network 
5 32a with an AMPS cell site 34b co-located with the CDMA cell site 34; Fig^ 5 
illustrates the second network as an AMPS network 32b without an AM!PS 
cell site co-located with the CDMA cell site 34; and Fig. 7 illustrates the 
second network as a second CDMA network 32c. 

Referring to Fig. 3, the AMPS network 32a includes cell sites for border 

10 cells Dl, D2 and D3 as well as cell sites for cells D4, D5 and D6 co-located 

with cell sites for cells C2, C3 and C4, respectively. For example, the cell site 
34 serving the CDMA cell C2 is co-located with a cell site 34b serving the 
AMPS cell D4. In this configuration, potential target cells include all the 
CDMA cells of the CDMA network 32 and the D4 cell of the AMPS network. 

15 HandofF from the cell site 34 to one of the cell sites serving the other cells of 
the CDMA network is straight forward. If no other CDMA cell site is 
available for handoff, the cell site 34 performs a handoff to the cell site 34b, as 

f discussed in greater detail below. 

Referring to Fig. 4, a handoff routine 48 is described for selecting the 

20 target cell site in the network configuration of Fig. 3 and performing the 

handoff from the cell site 34 to the target cell site. At step 49, the cell site 34 
compares the measured RTD value with the RTD1 threshold. As the mobile 
unit 33 moves further from the cell site 34, the measured RTD value will 
exceed the RTD1 threshold. If the cell site 34 determines that the measured 

25 RTD value does not exceed the RTD1 threshold, execution returns to step 42. 
If the cell site 34 determines that the measured RTD value does exceed the 
RTD1 threshold, execution proceeds to step 50. At step 50, the cell site 34 
compares the active pilot list 45 to the RTDPLIST 51. 

At step 52, a determination is made as to whether the active pilot list 

30 45 contains any pilot signals in the RTDPLIST 51. If not, the determination 
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indicates that the mobile unit 33 is moving away from the CDMA network 30, 
i.e., not in the direction of ceils C3, Cl or C4, and execution proceeds to step 
54. At step 54, the cell site 34 checks to see if the measured RTD value 
exceeds the RTD2 threshold. If not, execution returns to step 49. If the 
5 measured RTD value does exceed the RTD2 threshold, execution proceeds to 
step 56, where the cell site 34 performs a hard handoff to the cell site 34b of 
the co-located AMPS cell D4. The mobile unit 33 is now in the AMPS network 
32a and can be conventionally handed off to the target cell site of the AMPS 
network 32a. 

10 If at step 52 the active pilot list 45 does contain a pilot signal in the 

RTDPLIST 51, execution proceeds to step 58. At step 58, the cell site 34 
checks to see if theTmeasured RTD value exceeds the RTD2 threshold. If not, 
execution returns to step 49. If the measured RTD value does exceed the 
RTD2 threshold, execution proceeds to step 60, where the cell site 34 performs 
15 a soft handoff to the target cell site of the CDMA network 30 that is 
designated by the active pilot list 45 and the RTDPLIST 51. 

Referring to Fig. 5, the AMPS network 32b includes cell sites for border 
cells Dl, D2, and D3 as well as cell sites for ceils D5, D6 co-located with cell 
sites for cells C3, C4, respectively. However, the CDMA cell site 34 does not 
20 have a co-located AMPS cell site. In this configuration, the AMPS cell sites 
serving the border cells Dl, D2, and D3 are each outfitted with CDMA 
receivers 71, 72, 73, respectively, to facilitate selection of the target cell site. 
The receivers 101, 102, 103 are in direct communication with the cell site 34 
through communication links (not shown) such as conventional land-line or 
25 microwave transmission devices. Also, a hard handoff list ("HHLIST") of the 
border AMPS cell sites with which the C2 cell can perform a hard handoff, 
which in the present example includes cells Dl, D2, and D3, is included in the 
cell site 34, as discussed in greater detail below. 

Referring to Pig. 6, a handoff routine 60 is utilized for selecting the 
30 target cell site in the network configuration of Fig. 5 and performing the 
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handoff from the cell site 34. At step 68, the cell site 34 compares the 
measured RTD value for the mobile unit 33 with the RTD1 threshold. If the 
cell site 34 determines that the measured RTD value exceeds the RTD1 
threshold, execution proceeds to step 70. At step 70, the cell site 34 instructs 
5 the receivers 101, 102, 103 to start decoding signals coming from the mobile 
unit 33 by providing the receivers with a code (not shown) associated with the 
mobile unit 33. At step 72, the cell site 34 compares the active pilot list 66 to 
the RTDPLIST 71. 

At step 74, a determination is made as to whether the active pilot list 
10 66 contains any pilot signals in the RTDPLIST 71, as described above. If not, 
execution proceeds to step 76 in which the cell site 34 checks to see if the 
measured RTD value exceeds the RTD2 threshold. If the measured RTD 
value does not exceed the RTD2 threshold, execution returns to step 68. If 
the measured RTD value does exceed the RTD2 threshold, execution proceeds 
15 to step 78, where the cell site 34 polls the receivers 101, 102, 103 to determine 
which is receiving the strongest signal from the mobile unit 33. At step 80 
the cell site compares the responses from the receivers 101, 102, 103 to the 
^ HHLIST 82. The cell site 34 then determines the target cell of the AMPS 

network 32b with which to perform a hard handoff, e.g., the Dl cell. At step 
20 84 the cell site 34 performs a hard handoff to the target cell. The mobile unit 
33 is now in the AMPS network 32b. 

If at step 74 the active pilot list does contain a pilot signal in the 
RTDPLIST 71, execution proceeds to step 86. At step 58, the cell site 34 
checks to see if the measured RTD value exceeds the RTD 2 threshold. If not, 
25 execution returns to step 68. If the measured RTD value does exceed the 

RTD2 threshold, execution proceeds to step 88, where the cell site 34 performs 
a soft handoff to the target cell site of the CDMA network 30. 

Referring to Fig. 7, the network 32c represents a second CDMA network 
(hereinafter CDMA2) which operates at a frequency different from that of the 
30 CDMA network 30. In addition, there are no co-located cell sites between the 
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two networks 30, 32c. The CDMA2 cell sites serving border cells Dl, D2, D3 
are each outfitted with CDMA receivers 111, 112, 113, respectively, each 
linking to the cell site 34 to facilitate hard handoff target selection. In 
actuality, the links (not shown) for connecting the cell site 34 and the 
receivers 111, 112, 113 already exist, i.e., links at the corresponding cell sites 
of the CDMA2 cells Dl, D2, D3, so that the only additional requirement is to 
connect new receivers to the links. The receivers 111, 112, 113 are thereby in 
direct communication with the cell site 34. The handoff routine 61 of Fig. 6 is 
also utilized with the network configuration of Fig; 7 for selecting the target 
cell site in the CDMA2 network 32c and performing the handoff from the cell 
site 34. 

As a result, the preferred embodiment provides a universal CDMA hard 
handoff scheme that does not require extra transmitters and does not add 
extra signal interference to the CDMA network 30, unlike the conventional 
pilot beacon transmitter based solutions. In the configuration of adjacent 
CDMA and AMPS networks where the two networks include co-located cell 
sites, no extra hardware is required. In the configurations of adjacent CDMA 
and CDMA2 networks or CDMA and AMPS networks where the boundary 
region between the two networks does not include co-located cell sites, signal 
receivers linked to the CDMA network are required. Such hardware is less 
expensive and less complicated than the transmitter configurations of the pilot 
beacon transmitter based solutions, and in the configuration with the CDMA2 
network, the links already exist. 

Although illustrative embodiments of the invention have been shown 
and described, other modifications, changes, and substitutions are intended in 
the foregoing disclosure. For example, the detailed description describes 
handoff from a CDMA network to an AMPS network, whereas different types 
of networks can readily use the invention. Accordingly, it is appropriate that 
the appended claims be construed broadly and in a manner consistent with 
the scope of the invention. 
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WHAT IS CLAIMED IS: 

1 1. In a CDMA cellular network overlaid on an AMPS cellular 

2 network, a method for performing a handoff of a call from a mobile unit in a 

3 CDMA cell site of the CDMA cellular network wherein the CDMA cell site is 

4 co-located with an AMPS cell site of the AMPS cellular network, the method 

5 comprising the steps of: 

6 measuring a parameter of the call; 

7 comparing the measured parameter with a first predetermined value; 

8 if the measured par am eter exceeds the first predetermined value, 

9 handing off the call to a second CDMA cell site if one is available; and 

10 if no other CDMA cell site is available for handoff, handing off the call 

11 to the AMPS cell site. 

1 2. The method of claim 1 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from the mobile unit to the 

3 CDMA cell site. 

1 3. The method of claim 2 wherein the first predetermined value is 

2 an RTD threshold representing a distance from the CDMA cell site area 

3 within specific boundaries of the AMPS cell site. 

1 4. The method of claim 3 wherein the specific boundaries of the 

2 AMPS cell site are boundaries between the AMPS cell site and other cell sites 

3 of the AMPS cellular network that are adjacent to the AMPS cell site but not 

4 co-located with cell sites from the CDMA cellular network. 

1 5. The method of claim 1 further comprising the steps of: 
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2 before comparing the measured parameter with the first predetermined 

3 value, comparing the measured parameter with a second predetermined value; 

4 and 

5 if the measured parameter exceeds the second predetermined value, 

6 determining whether any other CDMA cell site is available for handoff. 

1 6. The method of claim 5 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from the mobile unit to the 

3 CDMA cell site and the first and second predetermined values are RTD 

4 thresholds representing a first and second radius, respectively, from the 

5 CDMA cell site defining a first and second area, respectively, completely 

6 served by the AMPS cell site such that the second radius is less than the first 

7 radius. 

1 7. The method of claim 5 wherein the step of determining whether 

2 any other CDMA cell site is available for handoff includes the following: 

3 receiving a pilot signal from any other CDMA cell site; 

4 detecting a strength of the pilot signal; 

5 comparing the strength of the pilot signal to a predefined limit; 

6 adding the pilot signal to an active pilot list if the strength of the pilot 

7 signal exceeds the sum of the predefined limit and a hysteresis limit; and 

8 after adding the pilot signal to the active pilot list, removing the pilot 

9 signal from the active pilot list if the strength of the pilot signal falls below 
10 the predefined limit. 

1 . 8. In a first cellular network bordering an second cellular network, 

2 a method for handing off a call from a mobile unit being served by a first cell 

3 site and approaching a second cell site, where the first cell site is a border cell 

4 site of the first cellular network and the first cell site is co-located with a 
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5 third cell site of the second cellular network, the method comprising the steps 

6 of: 

7 repeatedly measuring a parameter of the call; 

8 comparing the measured parameter with a first predetermined value; 

9 if the measured parameter exceeds the first predetermined value, 

10 determining if the second cell site is in the first network; 

11 comparing the measured parameter with a second predetermined value; 

12 and 

13 if the measured parameter exceeds the second predetermined value and 

14 the second cell site is not in the first network, performing a handoff to the 

15 third cell site so that the third cell site may perform a handoff to the second 

16 cell site. 

1 9. The method of claim 8 further comprising the step of: 

2 if the measured par am eter exceeds the second predetermined value and 

3 the second cell site is in the first network, performing a handoff to the second 

4 cell site. 

1 10. The method of claim 9 wherein the step of determining if the 

2 second cell site is in the first network comprises: 

3 collecting and measuring a pilot signal from the second cell site; 

4 comparing the measured pilot signal to a predefined limit; and 

5 if the pilot signal exceeds the predefined limit, determining that the 

6 second cell site is in the first network. 

1 11. The method of claim 9 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from the mobile unit to the first 

3 cell site and the first predetermined value is an RTD threshold representing a 

4 radius from the first cell site defining an area completely served by both the 

5 first and third cell sites. 
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1 12. In a first cellular network bordering a second cellular network, a 

2 method for handing off a call from a first cell site to a second cell site, wherein 

3 the first cell site serves a border cell of the first cellular network and the 

4 second cell site serves a border cell of the second network, the method 

5 comprising the steps of: 

6 repeatedly measuring a parameter of the call; 

7 comparing the measured parameter with a first predetermined value; 

8 if the measured parameter exceeds the first predetermined value, 

9 providing a code identifying the call to a receiver at the second cell site; 

10 comparing the measured parameter with a second predetermined value; 

11 and 

12 if the measured parameter exceeds the second predetermined value, 

13 polling the receiver to determine if the receiver has detected the call and if so, 

14 performing a hard handoff to the second cell site. 

1 13. The method of claim 12 further comprising the steps of: 

2 receiving a pilot signal from a third cell site; 

3 determining whether the third cell site is in the first cellular network; 

4 and 

5 if the measured parameter exceeds the second predetermined value and 

6 the third cell site is in the first cellular network, performing a handoff to the 

7 third cell site instead of the second cell site. 

1 14. The method of claim 12 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from a mobile unit making the 

3 call to the first cell site. 
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1 15. The method of claim 12 wherein the first cellular network is a 

2 first CDMA network and the second cellular network is a second CDMA 

3 network operating on a different frequency than the first CDMA network. 

1 16. The method of claim 12 wherein the first cellular network is a 

2 CDMA network and the second cellular network is an AMPS network. 

1 17. The method of claim 13 wherein the step of receiving a pilot 

2 signal includes the following: 

3 detecting a strength of the pilot signal; 

4 comparing the strength of the pilot signal to a predefined limit; 

5 adding the pilot signal to an active pilot list if the strength of the pilot 

6 signal exceeds the sum of the predefined limit and a hysteresis limit; and 

7 removing the pilot signal from the active pilot list if the strength of the 

8 pilot signal is less than the predefined limit. 

1 18. In a CDMA cellular network overlaid on an AMPS cellular 

2 network, an apparatus for performing a handoff of a call from a mobile unit in 

3 a CDMA cell site of the CDMA cellular network wherein the CDMA cell site is 

4 co-located with an AMPS cell site of the AMPS cellular network, the 

5 apparatus comprising: 

6 means for measuring a parameter of the call; 

7 means for comparing the measured parameter with a first 

8 predetermined value; 

9 means responsive to when the measured parameter exceeds the first 

10 predetermined value, for handing off the call to a second CDMA cell site if one 

11 is available and if no other CDMA cell site is available for handoff, for 

12 handing off the call to the AMPS cell site. 
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1 19. The apparatus of claim 18 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from the mobile unit to the 

3 CDMA cell site. 

1 20. The apparatus of claim 19 wherein the first predetermined value 

2 is an RTD threshold representing a distance from the CDMA cell site area 

3 within specific boundaries of the AMPS cell site. 

1 21. The apparatus of claim 20 wherein the specific boundaries of the 

2 AMPS cell site are boundaries between the AMPS cell site and other cell sites 

3 of the AMPS cellular network that are adjacent to the AMPS cell site but not 

4 co-located with cell sites from the CDMA cellular network. 

1 22. The apparatus of claim 17 further comprising: 

2 means for comparing the measured parameter with a second 

3 predetermined value before comparing the measured parameter with the first 

4 predetermined value; and 

5 means responsive to the measured parameter exceeding the second 

6 predetermined value for determining whether any other CDMA cell site is 

7 available for handoff. 

1 23. The apparatus of claim 22 wherein the parameter is a round trip 

2 delay ("RTD") value representing a distance from the mobile unit to the 

3 CDMA cell site and the first and second predetermined values are RTD 

4 thresholds representing a first and second radius, respectively, from the 

5 CDMA cell site defining a first and second area, respectively, completely 

6 served by the AMPS cell site such that the second radius is less than the first 

7 radius. 
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1 24. The apparatus of claim 22 wherein the means for determining 

2 whether any other CDMA cell site is available for handoff includes: 

3 means for receiving a pilot signal from other CDMA cell sites; 

4 means for measuring a strength of the detected pilot signal; 

5 means for comparing the measured strength of the detected pilot signal 

6 -to a predefined limit; 

7 means for adding the detected pilot signal to an active pilot list if the 

8 measured strength exceeds the sum of the predefined limit and a hysteresis 

9 limit; and 

10 means for removing the detected pilot signal from the active pilot list if 

11 the strength of the pilot signal falls below the predefined limit. 



( 



1 25. In a first cellular network bordering a second cellular network, a 

2 first cell site for serving a call and supporting a handoff of the call, wherein 

3 the first cell site is co-located with a cell site of the second cellular network. 

4 the first cell site comprising: 

5 a round trip delay measurement device for determining a RTD distance 

6 from a mobile unit making the call to the first cell site; 

7 a first comparator for comparing the RTD with a first predetermined 

8 value; 

9 selector logic, responsive to when the RTD distance exceeds the first 

10 predetermined value, for determining if a second cell site in the first cellular 

11 network is a potential cell site for handoff; 

12 a second comparator for comparing the RTD distance with a second 

13 predetermined value; and 

14 handoff logic for handing off the call in response to the RTD exceeding 

15 the second predetermined value, wherein the handoff logic performs a handoff 

16 to the second cell site if the selector logic determined that the second cell site 

17 is a potential cell site for handoff and the handoff logic performs a handoff to 
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18 the cell site of the second cellular network if the selector logic determined that 

19 the second cell site is not a potential cell site for handoff. 



2 predetermined values are RTD thresholds representing a first and second 

3 radial distances, respectively, from the first cell site and wherein the first 

4 radial distance is less than the second radial distance, which is less than a 

5 distance from the first cell site to a handoff boundary used by the cell site of 

6 the second cellular network. 



1 



The first cell site of claim 25 wherein the first and second 
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